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Analog Simulation of Zone Melting 


HE BUREAU has utilized an electronic differential 
an ilyzer to simulate zone melting in small-diameter 
tu gsten rods. Determining the power levels and time 
coustants of the heat-transfer process in advance was 
in portant in order to eliminate loss of the costly semi- 
purified metal. The simulation technique,’ developed 
by H. L. Mason, is also applicable to other materials. 

('emperature-time curves plotted by the analyzer for 

zone melting in a rod of 2-mm radius showed that the 
heating circuits of the zone melter would melt the rod 
nearly “through i in about 3 sec. As a result, the power 
ontrol circuits of the experimental apparatus were 
modified. Rapid-response components were used to 
supplement the original servo-mechanism, which 
would have required about 30 sec to establish an 
equilibrium setting. 

For this particular application of analog computa- 
tion, the conventional diffusion equation frequently 
employed is unsuitable because it requires precise 
knowledge of the surface temperature distribution. 
A mathematical model must be set up in terms of heat 
flows; although these, too, are unknown, they can more 
readily be estimated from the physical situation. The 
model must include radiation losses, which at these 
high. temperatures require fourth-power nonlinear 
terms. It must also take into account the fact that the 
change of state at the melting point results in a local 
interruption of the temperature rise in the melting zone, 
and that conductivity, thermal capacity, and emissivity 
will change with temperature and with state. 

The model developed treats time rates of temperature 
change as infinitesimals; spatial rates, as discrete in- 
crements. Incremental dimensions for radial and axial 
subdivisions are carefully chosen to make optimum use 
of the limited number of integrating amplifiers 
available. 

The electron beam floating zone melter was designed 
by G. A. Moore of the Bureau as part of a program 
to attain metal samples of such high purity that no 
spurious lines could be spectroscopically detected. 
These samples will be used in establishing standards 
for physic al and mechanical properties, alloying char- 
acteristics, etc., of such metals as iron, nickel, and 
chromium. 

Simulation was performed for the zone melting of 
five tungsten rods varying in radius from 0.1 to 0.5 cm. 
The lengths of the rods were actually about 1 m, but 
were assumed to be infinite. In the experimental pro- 
cedure, the rod is heated in a vacuum by continuous 
electron bombardment from an electrically heated wire 
of annular shape that surrounds it. The heater ini- 
tially is fixed near one end of the rod, but after melting 
begins the heater is moved very slowly up (or down) 
the rod. Impurities are retained in the molten zone 
and carried to one end of the rod. leaving the purer 
metal to solidify back to cylindrical form. 

In the simulation, a circumferentially symmetrical 
isomorphic rod is assumed, and the heat input is taken 
as a step function of time. Because of symmetry on 
either side of the heater midplane, it is sufficient to con- 
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sider only half the length of the rod. So short a time 
is required for the heater to melt the rod that the 
heater is considered as stationary. Preliminary esti- 
mates indicated that temperatures would rise only 
slightly at points 20 mm distant from the heater mid- 
plane, so heat flow beyond that distance is neglected. 

Steep temperature gradients may be expected close 
to the heater. It is imperative that metal not drip off 
the outer surface of the rod before the core is melted; 
therefore, the simulation must determine whether the 
molten zone advances radially at least as fast as it does 
axially. 

For this determination, the rod was divided into 
zones as shown on page 182. The time scale for the 
simulation was slowed in the ratio of 1:20, and 1 ma- 
chine volt represented 100 °K. Heater power input 
was easily adjusted by trial with the aim of establish- 
ing an optimum value that would require a minimum 
of. energy without causing zone 3 to melt ahead of 
zone 2. 

Such optimum values were obtained for rods having 
radii from 0.1 to 0.4 cm. For the 0.5-cm-radius rod, 
however, such a value could not be found. In this case, 
the temperature of zone 3 always reached 3,700 °K 
before the temperature of zone 2, while the temperature 
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J. R. Park adjusts the voltage to one of the integrating 
amplifiers of the electronic differential analyzer used in 
the simulation of zone melting. Curves calculated by 
the analyzer can be obtained on the plotting table in the 
foreground. 
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Electron beam floating zone melter of NBS design for 
which the analog simulation was made. The beam fur- 
nace is in the illuminated area in the vertical vacuum 


tube. 


Relaxation Theory 








ANODE 
VOLTAGE 


HOT FILAMENT, 
ELECTRON SOURCE 


Subdivision of the tungsten rod as assumed for analog 
simulation of zone melting. 


of zone 1 reached about 4,600 °K. This result repre- 
sents and undesirable physical situation which in prac- 
tice may prevent satisfactory processing of a rod of 
such radius. 


'For further details, see Analog simulation of zone 
melting, by H. L. Mason, J. Research NBS 65C (Eng. & 
Inst.) , No. 2,97 (1961). 


Applied to Electrode Reactions 


THE CAUSES of deviations of electrochemical 
systems from thermodynamic reversibility are being 
sought at the Bureau. The object of the study is to 
determine the reaction mechanisms of various types of 
electrochemical processes. Electronic transfer occurs 
in all electrochemical and certain funda- 
mental constants, such as the faraday, are associated 
with many of these. One example of electronic transfer 
is the electric potential associated with an electrode- 
electrolyte interface. 

In the course of these investigations, R. J. Brodd 
recently measured the impedance of various dry cells.’ 
He interpreted the results using the assumption that 
electrode reactions may be described as involving two 
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processes, 


equilibrium states separated by an energy barrier * and 
therefore conveniently treated as relaxation processes. 

This representation for the consideration of electrode 
reactions was applied to the behavior of electrodes that 
have been treated previously; namely, Ag, Ag* and 
Cd, Cd*. The results conformed with theoretical pre- 
dictions. The same representation was also applied 
successfully to the electrical behavior of the LeClanché 
dry cell. 

Previous experimental investigation of electrode re- 
action mechanisms has followed four schemes of at- 
tack, none of which was entirely satisfactory. Even 
the most widely applied method has suffered from 
several important disadvantages; contamination prob- 
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len -. corrosion reactions, and high capacitance and 
lo: resistance measurement have presented .experi- 
m: ital difficulties. 

yr the past 60 years, the accepted theory for the 
pi dication of the electrical properties of electrode 
s\ tems has been based primarily on the work of 
\\ .rburg.2 Other theories do not conform as well with 
e) verimental evidence. Improvements in the mathe- 
maties of Warburg’s original theory have been made 
by many investigators, but serious discrepancies re- 
main between this theory and experimental results. 

ee of the original theory all predict a 

r dependence of the resistance and reactance on 
m '*, where o=2rzf and f is the frequency of the al- 
ternating field. Although in most instances this rela- 
tion is obeyed, frequent references are found to 
‘anomalous’ dispersions and absorptions. It has been 
suggested that the disagreement between theoretical 
ind experimental results is due to surface roughness, 
adsorption and desorption of solution impurities, or 
the presence of a corrosion process. 

The Bureau’s representation of electrode reaction 
processes was developed from the point of view that the 
basis of earlier theories is unsatisfactory. This repre- 
sentation includes earlier theories in treating the elec- 
trode reactions as relaxation processes, with the 
controlling mechanism being a charge transfer reaction 
(Ag=Ag* , a chemical reaction simultaneous with, 
preceding, or succeeding the charge transfer reaction, 
or a diffusional process of one or more of the partici- 
pants in the reactions at the electrode-solution interface. 

Present work is directed chiefly toward the applica- 
tion of relaxation theory and methods to impedance 


The NBS method for treating electrode reaction proc- 
esses has been applied to the interpretation of electrode 
reactions in the Le Clanché dry cell. In this graph, the 
resistance R, is associated with the process at the zinc 
electrode while the resistances R. and R, are associated 
with the processes at the manganese dioxide electrode. 





measurements of the electrode-solution interface. In 
the attached graph showing results obtained with the 
LeClanché dry cell, the resistance R, is associated with 
the process at the zinc electrode while the resistances 
R, and R, are associated with the processes at the 
manganese dioxide electrode. 


‘For further information, see The electrode properties 
and kinetics of electrode reactions, by Ralph J. Brodd, 
J. Research NBS 65A (Phys. & Chem.), No. 4, 275 
(1961). 

*R. W. Gurney and R. 
136A, 378 (1932). 

* Modern Aspects of Electrochemistry, by J. O’M. Bock- 
is, Ch. IV, Academic Press, Inc., New York (1955). 

*E. Warburg, Wied Ann. 67, 493 (1899). 


H. Fowler, Proc. Roy. Soc. 


Improved Standard Observer for Colorimetry 


THE BUREAU recently completed a study of the 
variability in the spectral tristimulus values of the 
standard observer system for colorimetry. A statistical 
model was used in the study to obtain values for both 
“within-observer” and “bhetween-observer” variability 
at wavelength intervals throughout the visible spectrum. 
These data may be used to determine the significance of 
differences between color measurements made by direct 
observation and those achieved indirectly with the 
standard observer system. ' . 

Since 1931. the International Commission of [llumi- 
nation has recommended a standard observer for color 
measurement.” This observer consists of a table of 
values which are the averages of the measured quanti- 
ties of the three primary colors (red, green, and blue) 
used by a group of human observers to arrive at a 
color match when viewing a mixed field. In 1959, an 
international committee on colorimetry proposed values 
for the standard observer. which in general are much 
higher in the short-wave end of the spectrum and some- 
what higher in the long-wave end, based on data from 
observers who viewed an enlarged field in making their 
color matches.* However, neither of these sets of data 
includes the variability inherent in such measurable 
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quantities. The present study was therefore under- 
taken by I. Nimeroff, J. R. Rosenblatt, and M. 
Dannemiller to develop an improved — standard 


observer. 

In the study, the average color-matching data of 
Stiles and Burch* for 53 observers and the average- 
deviation data of Speranskaya 
analyzed to obtain between-observer 


for 27 observers were 
variability. This 
variability was computed in terms of both variances 
and covariances: that is, the dispersion of the data 
around the mean of the values for the three 
primary colors was taken into account, 


observer 
as well as the 
interaction between the observed values for these colors. 
Stiles-Burch standard-deviation data for two observers 
who repeated their observations several times were 
analyzed to obtain within-observer variability. 

The 80 sets of data analyzed in the study had origi- 
nally been obtained by means of a visual tristimulus 


colorimeter. In this instrument, an observer views a 
split field. the halves of which are side by side, and by 
adding or subtracting the amounts of light emanating 
from the 3 different light sources (red, green, and blue) 


of the device, he arrives at a color match. Two of the 
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primary colors are mixed to form one part of the field, 
and the third color is mixed with a fixed amount, E,, 
of a spectral test color, 7,, of wavelength A to form the 
second field. The three adjustable primaries, whose 
wavelengths are 645.2, 526.3, and 444.4 mp respectively, 
may be denoted (R), (G), and (B), and their amounts 
Ry. Gy, and By. so that the condition of color matching 
may be expressed as: 


E,(T,) =R,(R) +6,(G) +B)(B). 


Empirical amounts, R;, G;, and B;, for the ith ob- 
server in a series of observers, may then be represented 
by means of this mathematical model developed in the 
present study: 

Ri=R t bri + €Ri 
Gi=G T bai = €Gi 
B;- B+ bri + ERI 


where R, G, and B are the averages for the values of 
all the observers; bri, bgi, and bp; are an observer’s 
biases (that is, characteristics of one observer that 
make his observations different from all the others) : 
and eri, egi, and ep; are the observer’s errors. 





I. Nimeroff explains the variances in the data used to fi id 
the variability in the spectral tristimulus values that (e- 
fine the standard observer for colorimetry. 


The standard observer proposed in 1959 for col vr- 
imetry utilizes a linear equation to transform the s 
tem of real primaries—blue, green, and red stimuli— 
into a system of imaginary primaries (x, y, and =), 
In the present study the transformation was treated as 
arbitrary, that is, as one in which only the variances 
and covariances in the real-primary system are different 
from zero, while the variances and covariances that in- 
volve the constants of the transformation are zero. 

Hence, with the model formulated above, the vari- 
ances and covariances could be determined in terms of 
the real primaries, and the values thus found could be 
substituted in the arbitrary transformation to determine 
the variances and covariances in the imaginary-primary 
system. Values for the between-observer and within- 
observer variabilities arrived at in this manner were 
then tabulated at 10-mp-wavelength intervals.® 

The improved standard observer, which includes 
means, variances, and covariances, will aid investi- 
gators in determining the extent to which an observer 
with normal color vision tends to make matches that 
are different on his successive attempts, or are different 
from those made by other normal observers. 


? 


' For further technical details, see Variability of spec- 
tral tristimulus values, J. Research NBS 65A, (Phys. 
and Chem.) No.6 (1961). 

* Proceedings of the eighth session, Commission Inter- 
nationale de I’Eclairage, Cambridge, England, (Sept. 
1931), pp. 19-29. 

*Detailed report of progress (Sept. 1957 to April 
1959) of the CIE Working Committee W-1.3.1, Colorim- 
etry, by Deane B. Judd. 

*N.P.L. colour-matching investigation: Final report 
(1958), by W. S. Stiles and J. M. Burch, Optica Acta 
6, 1 (1959). 

° Determination of spectral color coordinates for 27 
normal observers, by N. I. Speranskaya, CIE Committee 
Report, and, in part, NPL Symposium 8, Her Majesty’s 
Stationery Office, London 1, 317 (1958) : also Optics and 
Spectroscopy VII, 424 (1959) (OSA Translation). 

° These tables are included in reference 1. 


Calibration of Optical Pyrometers 


(One of a Series on NBS Calibration Services) * 


OPTICAL PYROMETERS are instruments used to 
measure the brightness temperature of incandescent ob- 
jects. They are also used to realize the International 
Practical Temperature Scale above 1063 °C. The 
Bureau, as part of its program to insure accurate and 
uniform measurements, calibrates optical pyrometers 
for science and industry.' These calibrations are per- 
formed over the temperature range of 800-4200 °C; 
the uncertainty of the calibration varies from about 
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3 deg (at 1063 °C) to 40 deg (at 4200 °C). In addi- 
tion, the Bureau calibrates tungsten strip lamps for use 
as sources of known brightness temperature over the 
range of 800-2300 °C. 

*Previous articles have been: Calibration of Gage Blocks, 
Feb. 1961: Thermocouple Calibrations, Mar. 1961: Calibration 
of Platinum Resistance Thermometers, Apr. 1961; Calibration 
of Inductive Voltage Dividers, May 1961; X- and Gamma-Ray 
Calibration, July 1961; and Calibration of Microphones, in this 
issue, p. 188. 
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n general. an optical pyrometer? consists of an 
ical system through which the object whose tem- 
iture is being measured is viewed, and a power 
ply which is used to apply a variable current to a 
n tungsten filament within the optical system. The 
rent is adjusted until the filament disappears in the 
keround of the object being viewed, at which time 
ier temperature, voltage, or current can be read 
m the current-controlling dial. A red filter is placed 
front of the eyepiece to insure that a limited range 
wavelengths is being viewed. As the maximum 
ehtness temperature attained with the tungsten fila- 
nt is about 1350 °C, provision is made to place 
sorbing filters in the optical system (either in front 
f the foremost objective. or between the objective and 
e filament lamp) to permit measurement of higher 
mperatures. 


NBS Pyrometer 


The NBS pyrometer, against which other pyrometers 
ire compared, was given a primary calibration. This 
vas done by making a large number of observations 
(by several different observers) of a blackbody cavity 
surrounded by freezing gold. the temperature of which 
is defined as 1063 °C on the International Practical 
l'emperature Scale. In addition to this one-point deter- 

‘ination. the calibration was extended to higher and 
lower temperatures by viewing a tungsten-strip lamp 
at different brightness temperatures, the temperatures 
being determined by matching the brightness of the 
lamp through rotating sectored disks of known trans- 
missions with the blackbody (1063 °C). The pyrom- 
eter-lamp current corresponding to the various temper- 
atures was determined with a potentiometer. The same 
type circuit is used to measure the currents in the 
filaments of test pyrometers during calibration. 


Calibration Procedure 


Instruments submitted for calibration are compared 
with the NBS pyrometer while viewing a tungsten-strip 
lamp which is used up to 2400 °C brightness tempera- 
ture and, if higher temperatures are desired, zirconium 
and carbon arcs. The brightness temperature of the 
zirconium arc is about 2800 °C, and that of the posi- 
tive crater of the carbon arc is about 3530 °C. 

In setting up the pyrometers for a comparision cali- 
bration. the optic axes of the test and NBS pyrometer 
are made parallel. The source is mounted on a lathe 
bed. and is mechanically transported to alternate posi- 
tions in front of the two pyrometers. The source is 
idjusted so that the image of its sighting area is coin- 
cident with the sighting area of the filament lamp in 
each pyrometer. 

Before observations begin. the source is allowed to 
stabilize; this takes but a few minutes for the ares. 
but an hour is allowed for the strip lamp to become 
stable. Then, in a darkened room, the source is posi- 
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tioned in front of the NBS pyrometer. Two observa- 
tions are made, and then the source is transferred to 
its position in front of the test pyrometer. Four ob- 
servations are made with the test pyrometer, and then 
two more observations are made with the standard. 
This series is repeated with a second observer. Meas- 
urements are made from both sides of disappearance: 
starting with the filament both brighter and darker 
than the source. 

When a strip lamp is used as the source, the con- 
stancy of the lamp brightness is assured throughout 
the comparison by monitoring the lamp current. Also, 
when making a series of readings with a strip lamp. 
the lamp is brought to the highest temperature first, 
and then decreased, as this procedure results in the 
shortest stabilization times between settings. 

The results of the calibration are reported to the user 
on an NBS certificate. Usually, the scale reading of the 
test pyrometer corresponding to blackbody tempera- 
ture is listed. However, temperature versus current or 
voltage may be reported if requested. 


Brightness temperature sources used by the Bureau in 
the calibration of optical pyrometers. The brightness 
temperature of the zirconium are (left) is fixed at about 
2,800 °C, whereas that of the positive crater of the car- 
bon are (right) is about 3,530 °C. The brightness tem- 
perature of the strip lamp (center) is varied during cali- 
bration from 800 to 2,400 °C. 





Strip Lamp Calibration 


Lamps consisting of a strip of tungsten housed in a 
gas-filled envelope are calibrated by means of bright- 
ness-temperature determinations made with the NBS 
pyrometer. The lamp and pyrometer are alined as in 
pyrometer calibration and, after a warm-up period, the 
strip-lamp current is determined at the same time as 
a pyrometer observation is made. Four observations 
are made by two observers at each point of the calibra- 
tion. The lamp current versus brightness temperature 
(as determined with the NBS pyrometer) is reported 
to the user. 
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Photoelectric Pyrometer 


A photoelectric pyrometer * that uses a photomulti- 
plier tube rather than the human eye to make brightness 
matches between sources of interest and the pyrometer 
lamp has been developed at NBS. After proper testing 
and calibration, this device will be used in the calibra- 
tion of pyrometers and strip lamps. It will eliminate 


the variability in these calibrations that is due to the 
lack of precision of the observer. 





1Test fee schedules of the National Bureau of Stand- 
ards, available from the Office of Technical Information, 
National Bureau of Standards, Washington 25, D.C. 

* Theory and methods of optical pyrometry, H. J. Kost- 
kowski and R. D. Lee, presented at the Fourth Tempera- 
ture Symposium, Columbus, Ohio, March 1961, and to 
appear in Vol. 3, Temperature—Its Measurement and 
Control in Science and Industry, Reinhold Publ. Co. 

*The NBS photoelectric pyrometer of 1961, by R. D. 
Lee, ibid. 


E. Lewis alines the NBS pyrometer (right) and a test 
pyrometer prior to calibration. A series of readings 
will be taken with each instrument while sighting on the 
tungsten-strip lamp (extreme right). Inset, diagram of 
a typical optical pyrometer. Radiation from light source 
A enters the optical system through objective B and passes 
through aperture C. Absorbing filter D is used when 
making temperature determinations above the upper 
limit of filament lamp E. Radiation from both the 
source and the lamp passes through microscope objec- 
tive F, red filter G, aperture H and eyepiece I to the eye 
of the observer. Potentiometer network K is used to 
measure the current in iamp E. A brightness match is 
made by adjusting the current to make the filament dis- 
appear in the background of the source. 


NBS Postdoctoral Research Associateship 


NINETEEN YOUNG SCIENTISTS have been 
awarded Postdoctoral Research Associateships for a 
year’s advanced basic study at the National Bureau of 
Standards. These Associateships are sponsored jointly 
by the National Academy of Sciences-National Research 
Council and the National Bureau of Standards of the 
U.S. Department of Commerce. The awards each year 
provide the young scientists an opportunity to pursue a 
year’s study and research in their fields of competence. 
Each associate performs his research in close associa- 
tion with a National Bureau of Standards staff member 
whose work in the field is well established. 

Eighteen of the young men will conduct their re- 
search projects in Washington, D.C.; the remaining one 
will be at the NBS Boulder (Colo.) Laboratories. 

The Postdoctoral Resident Research Associateship 
program, now in its eighth year, is administered by the 
National Academy of Sciences-National Research 
Council. The plan provides advanced training in re- 
search for creative young scientists who have shown 
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Appointees Announced 


promise of leadership in fundamental research. Con- 
cerned with the needs of the expanding frontiers of 
science, the Bureau has sponsored the program because 
it is aware of the necessity for fundamental research in 
the science of measurement, on which other areas of 
sicentific endeavor and industrial activity are so de- 
pendent. 

Intensified study and research on the postdoctoral 
level is customary among scientists, in this country as in 
Europe. Traditionally, postdoctoral study in the 
United States was invariably done at a college or uni- 
versity. The National Bureau of Standards and the 
Naval Research Laboratory pioneered in providing an 
opportunity for young scientists to perform postdoc- 
toral research in government laboratories. Subse- 
quently, other research and scientific groups and 
organizations have followed their example. Such 
programs provide not only for the training and develop- 
ment of the best young scientists, but also for a “cross- 
fertilization” of ideas, bringing the benefits of the 
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entist’s fresh approaches and the results of his re- 
irch to both organizations—the one at which the 
search is performed and the one with which the 
entist ultimately associates on a permanent basis. 
In the seven years of its existence, the NBS program 
s selected 64 young men as postdoctoral associates. 
the first 45 of these, 17 applied and were accepted as 
rmanent NBS staff members, and 2 were given ex- 
pted appointments to the Federal service. 
The program at NBS is under the overall direction of 
» Educational Committee, with actual operation in the 
inds of a subcommittee composed of David E. Mann, 
Chairman; Joseph Hilsenrath; Merrili B. Wallenstein, 
lus one of the following scientists of the NBS Boulder 
Colo.) Laboratories, who serve alternately: Franklin 
Roach, Robert J. Corruccini, or Richard C. Mockler. 
Applicants for the NRC-NBS Associateships must in 
all cases have completed the requirements for a doctor- 
ate in one of the physical sciences, and must have re- 
ceived their Ph. D. degrees by the time they enter upon 
the associateship. They must also be United States 
citizens. Application is made directly to the National 
Academy of Sciences in response to an announcement, 
distributed by the Academy annually in November to 
all universities granting Ph. D. degrees in the physical 
sciences. Applications are usually closed by February 
1 and awards are made April 1. Each applicant indi- 
cates, from among the areas of research and the ad- 
visors made available, the particular program of re- 
search he wishes to pursue, and the staff member under 
whose guidance this research will be done. Unless 
otherwise arranged, the tenure of a research associate- 
ship may begin after July 1 and continue for one year. 
Postdoctoral Research Associates appointed for 
1961-62, with their field of study, are: 


Rosert A. Beaupet, chemist (Ph.D., Harvard University) , 
‘Forces Between Non-bonding Atoms.” Advisor: Dr. D. R. Lide. 

Merritt M. Birxy, chemist (Ph.D., University of Virginia) , 
“Heat Capacity of BO; from 50 to 460 °C.” Advisor: Dr. E. D. 
West. 

Geratp T. Carco, mathematician (Ph.D., University of 
Michigan), “Local and Global Boundary Behavior of Holo- 
morphic Functions.” Advisor: Dr. Morris Newman. 

Georce E. CHAMBERLAIN, physicist (Ph.D., Yale Univer- 
sity), “The Atomic Hydrogen Maser.” Advisor: Dr. S. J. Smith. 

Sam R. Corie.t, chemist (Ph.D., Ohio State University), 
“Application of Statistical Methods to the Crystallization of 
Polymers.” Advisor: Dr. J. Jackson. 

Ricuarp D. Doepker, chemist (Ph.D., Carnegie Institute 
of Technology), “An Insight Into the Importance of a ‘Solvent 
Cage’.” Advisor: Dr. P. Ausloos. 

Gorvon H. Dunn, physicist (Ph.D., University of Washing- 
ton), “A Measurement of the Photodissociation Cross Section 
of the Hydrogen Molecular Ion.” Advisor: Dr. L. M. 
Branscomb. 

Joun A. Eppy, physicist (Ph.D., University of Colorado). 
‘Investigation of the UHF Radio Emission from Jupiter and Its 
Correlation With the Terrestrial Van Allen Belts” (to be con- 
lucted at NBS Boulder, Colo., Laboratories). Advisor: Dr. 
G.G. Little. 

Joun L. Hatt, physicist (Ph.D., Carnegie Institute of Tech- 
nology), “Atomic Beam Hydrogen Maser/Oscillator.” Ad- 
VISOr: Dr. Pr. Bender. 
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Dr. Gordon Dunn, one of the first Postdoctoral Resident 
Research Associates to arrive in 1961, adjusts the collision 


chamber of the crossed beam apparatus. Dr. Dunn is 
using the apparatus in studies of the photodissociation 
cross section of the hydrogen molecular ion. 


Sicurp Y. Larsen, physicist (Ph.D., Columbia University) , 
“Investigation of the Properties of Helium 4.” Advisor: Dr. 
M.S. Green. 

WituiAm S. Layne, chemist (Ph.D., University of Cincin- 
nati), “Preparation and Study of Deuterated Carbohydrates.” 
Advisor: Dr. H.S. Isbell. 

Metvin Linzer, chemist (Ph.D., Princeton University), 
“Theoretical Studies of Non-equilibrium Rate Processes and 
Intermolecular Energy Exchange.” Advisor: Dr. K. E. Shuler. 

Joun T. MacQueen, chemist (Ph.D., University of North 
Carolina), “A Study of Critical Phenomena by the Use of 
Visible Light Scattering Measurement.” Advisor: Dr. D. 
McIntyre. 

Bitty W. Maneum, physicist (Ph. D., University of Chi- 
cago), “Magnetic Susceptibilities of Some Rare Earths, 6d and 
5d Series Ions.” Advisor: Dr. R. P. Hudson. 

Terence L. Porter, physicist (Ph.D., University of Cali- 
fornia), “Emission Spectrum of Nitrogen Bromide.” Advisor: 
Dr. D. E. Mann. 

Joun Powers, chemist (Ph.D., University of Massachu- 
setts), “Effect of Small Amounts of Polymer Chain Irregularities 
on the Crystallization Process.” Advisor: Dr. L. Mandelkern. 

Terry E. Suarp, chemist (Ph.D., University of California), 
“Rates of Decomposition of Metastable Ions in the Mass Spec- 
trometer.” Advisor: Dr. H. M. Rosenstock. 

Wittiam A. THoompson, Jr., mathematician (Ph.D., Univer- 
sity of North Carolina), “Inference Problems Concerning 
Variances.” Advisor: Dr. C. Eisenhart. 

Epwarp S. J. TomezsKo, chemist (Ph.D., Pennsylvania 
State University), “Thermal Titration of Various Metals to 
Prepare a Clean Surface.” Advisor: Dr. G. T. Furukawa. 


187 








CALIBRATED MICROPHONES, which are find- 
ing increasing usefulness in both defense and nonde- 
fense applications, are required for the measurement of 
sound radiated by loudspeakers, for audiometric 
measurements, and for the measurement of noises and 
other complex sounds, in addition to well-known appli- 
cations connected with the recording and broadcasting 
of speech and music. 

Working standard microphones, which are used 
to calibrate other microphones and sound-measuring 
instruments, are calibrated against a set of reference 
standards in the NBS sound laboratory. 

Measurement of high sound pressure levels has re- 
cently become particularly important because of the 
noise created by rockets, aircraft jet engines, and jet 
engine test cells. For best accuracy, sound pressure 
produced by such devices should be measured with 
microphones which have been calibrated at high in- 
tensity sound levels. 

Current research is aimed at extension of the range 
of microphone calibration to infrasonic and ultrasonic 
frequencies; the extension of the amplitude range to 
higher pressure sound levels; and increased accuracy 
and precision of operation. 

Direct measurement of sound is difficult. However, 
sound measurement is feasible because microphones 
can change sound energy into electrical energy, which 
is more easily measureable. Usually the electrical 
signal is generated with the aid of a microphone dia- 
phragm or ribbon which respond to pressure or particle 
velocity, respectively. 

Among the many kinds of microphones available 
commercially, the type most often used as a standard 
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Circuit diagram of cathode-follower preamplifier con- 
nected to a condenser microphone. The Bureau uses 
the calibrating-voltage arrangement shown here to per- 
mit measurement of the open-circuit voltage of the 
microphone generated by response to a sound pressure. 
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is the electrostatic, or condenser microphone. Thi 
device consists of a very thin diaphragm, which is th 
movable element, and a backplate placed at a smal 
distance behind the diaphragm. The sound field in 
pinging upon the diaphragm causes it to move, resultin 
in a change in capacitance between diaphragm ani 
backplate. The capacitance change is detected by 
suitable instrumentation. 

Calibrating a microphone is the process of measur 
ing the “sensitivity” or “response.” The response (M 
is the ratio of the voltage (EF) produced by the micro 
phone across a given load to the sound pressure (P), 
(response is thus M=E/P). Therefore, when the 
response is known, measurement of the voltage is all 
that is needed to determine the pressure. Calibratior 
is done over a wide range of discrete frequencies. 

The response is usually expressed in terms of the 
voltage appearing at the microphone terminals unde 
open-circuit conditions. Moreover, a calibrating volt- 
age arrangement (see illustration, left) permits 
measurement of the open-circuit voltage even though 
the micropkone is terminated in the finite impedance 
of the amplifier. 

The method for doing this is called the “substitution 
technique” and is performed as follows: 

The microphone is first exposed to a sound field, and 
the resulting electrical output noted. Then the sound 
field is removed, and a calibrating voltage is inserted 
in series with the microphone. The magnitude of the 
calibrating voltage is adjusted until the same output 
voltage is obtained. Under this condition, the open 
circuit voltage of the microphone equals the calibrating 
voltage. 

The Bureau performs two types of calibrations called 
the pressure calibration and the free-field calibration. 


Pressure Calibration 


The pressure response of a microphone M> is defined 
in American Standards ':° as the ratio E/P, where E is 
the open-circuit voltage and P is the sound pressure 
applied uniformly over the surface of the diaphragm. 
Pressure calibrations are performed on condenser 
microphones only; the response is usually expressed as 
20 log,, (E/P) db relative to 1v/microbar. 

The Bureau maintains a set of reference standard 
condenser microphones. Calibration of these units 
is carried out periodically by using the reciprocity 
technique ':*:*:° to obtain the response of a micro- 
phone from absolute measurements of length, baro- 
metric pressure, and electrical impedance, combined 
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h measurements of several voltage ratios. Two perform calibrations, 


possible errors in calibration 
ophones and an auxiliary sound source are re- 


caused by microphone-response drift with time are 


red. One of the microphones must be reversible rae eliminated. 

ile to operate as a sound source or receptor). The Calibrations are performed in the coupler at discrete 
nd source may be a third microphone. frequencies from 50 cycles per second (c/s) to 10 
[n the experimental procedure, the sound source and kilocycles per second (kc/s). In the lower frequency 


ceptor are coupled acoustically by means of a cavity 


range, the cavity dimensions are small compared to 
which the microphone diaphragms make up part of 


a wavelen gth and uniformity of sound pressure through- 


the cavity enclosure. The receiver microphone is out the cavity is assured. But at frequencies above 
placed in the lower wall of the cavity and the sound 3 ke/s, this condition no longer holds when air is the 
source in the upper wall. At each frequency, a voltage coupling medium. However, use of hydrogen in the 

applied to the sound source which generates a sound cavity increases the wavelength at each frequency by 
pressure within the cavity. The receiver detects the a factor of about 3.8; and in this way accurate cali- 
sound and generates a voltage which is measured with brations can be made as high as 10 ke/s. The capil- 


the aid of the calibrating voltage arrangements. lary tubes permit the introduction of hydrogen and 
In practice, it is not necessary to determine the sound 
pressure or the individual voltages. Only the ratio of aerate ara ~~ 


the driving voltage (or current®) to the open-circuit 


: : 7 Kathaleen A. Puzzini inserts a source microphone into a 
voltage of the receiver microphone must be measured. 20-ce coupler used for pressure calibration. The re- 
However. the volume of the cavity and the barometric ceptor microphone, not visible, is located in the base of 
pressure must be known. since the product of the re- the cavity housing. The preamplifier and associated bat- 


teries are in the black box below the receptor. Inset: 
Simplified drawing of a 20-ce coupler. 


sponses is expressed in terms of these quantities in 
addition to a current-to-voltage ratio. 

[he Bureau calibrates working standard micro- 
phones submitted by other governmental agencies and 
private organizations by a comparison method in the 
same coupler used for primary calibration. A stable 
microphone in the upper wall of the coupler is used 
as the sound source. A reference standard “microphone 
is first placed in the lower wall, and the ratio of the 
driving voltage to the open-circuit receiver voltage is 
measured as a function of frequency 

This procedure is then repeated with the test micro- 
phone substituted for the reference standard. The 
response of the test microphone is calculated from the 
known response of the reference standard and the volt- 
age ratios. Another independent set of measurements 
is made to compare the test microphone with a different 
reference standard, and the average of the two sets is 
reported to the nearest 0.1 db in a test report. The 
standard deviation derived from an anaylsis of many 
pressure calibrations made over a period of several 
years is 0.06 db. 

Coupler reciprocity calibration is performed at NBS 
approximately every six months on two standard mi- 
crophones. By using both of these microphones to 


*Previous articles have been: Calibration of Gage Blocks, 
Feb. 1961; Thermocouple Calibrations, Mar. 1961; Calibration 
of Platinum Resistance Thermometers, Apr. 1961; Calibration 
of Inductive Voltage Dividers, May 1961; X- and Gamma-Ray 
Calibration, July 1961; and Calibration of Optical Pyrometers, 
in this issue, p. 184. 
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also serve to maintain barometric pressure within the 
cavity. 

The frequency range can be extended to still higher 
frequences by the use of a 3-cm* “plane wave” coupler, 
which has a diameter equal to that of the microphones’ 
diaphragm. This coupler can be used to perform ac- 
curate calibrations from about 500 c/s to 20 kc/s. 
However, since the coupler’s acoustic impedance is not 
small compared to a microphone’s impedance, a suit- 
able theoretical correction must be made. A theoretical 
correction also is made for wave patterns in this coupler, 
which can be verified by measurements.’ 

The 20-cm coupler can be used with good accuracy 
as low as about 10 c/s under conditions of low ambient 
acoustic noise. Small theoretical corrections are re- 
quired at 10 c/s, though, for energy losses at the wails 
of the coupler and through the capillary tubes." * 

A method using electrical techniques is being de- 
veloped to permit accurate pressure calibration as low 
as 1 c/s. This method does not require a coupler, 
but yields only the relative response, that is, the ab- 
solute response at one frequency must be known. 


Free-Field Calibration 


A free field is one in which the effects of boundaries 
are negligible over the region of interest. The actual 
pressure at a point on the diaphragm of a microphone 
placed in an otherwise free sound field will differ 
from the pressure which would exist at that point in 
the field with the microphone removed. 
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D. S. Siegel connects a reference standard condenser mi. - 
rophone to a preamplifier in preparation for free-fie! d 
reciprocity measurements. A dynamic microphone serv: s 
as the sound source. This work is done in the Bureaw’s 
anechoic room, which provides an environment esse" - 
tially free from echoes. 


The free-field response of a microphone, M; is de- 
fined in American Standards as the ratio E/P;, where 
E is the open circuit voltage and P; is the sound pres- 
sure which existed at the microphone’s location prior 
to the insertion of the microphone into the sound field. 
The free-field response is expressed as 20 logiy (E/P; 
db relative to 1 v/microbar, and is defined for a plane. 
progressive sound wave whose direction of propagation 
has a specified orientation with respect to the micro- 
phone. 

A knowledge of the free-field response permits one 
to ascertain the sound pressure in a free field when 
the microphone is absent, although, of course, the mi- 
crophone must be used to take the measurement. 

The free-field response of a microphone depends 
upon all characteristics which determine the pressure 
response. In addition it is affected by the geometric 
shape of the microphone and supporting structures, 
since reflections from obstacles affect the sound pres- 
sure which actually exists at the diaphragm. There- 
fore, once a standard-shaped microphone and support- 
ing device are specified, the difference between the 
free-field response and pressure response is also 
standardized. 

This difference, called the “diffraction correction,” 
is a function of both frequency and orientation of the 
microphone with respect to the sound wave. If the 
diffraction correction and pressure response are known, 
the free-field response can be calculated by simply add- 
ing the diffraction correction to the pressure response. 

Free-field measurements are usually more time con- 
suming and less accurate than coupler measurements, 
so that standardization of microphones and support- 
ing mechanisms is of great value. 

Some years ago, several laboratories, including NBS. 
took part in a round-robin to determine the diffraction 
correction for the type-L laboratory standard micro- 
phone specified in the American Standard for labora- 
tory microphones.? This determination requires sepa- 
rate measurement of the free-field response and 
pressure response, both of which can be made by the 
reciprocity technique. The procedure in the free-field 
case 's similar to that for a pressure calibration, except 
for the acoustic coupling between sound source and 
microphone. Measurement of the free-field response 
by reciprocity is done indoors, in a free-field environ- 
ment, known as an anechoic (without echo) chamber.’ 
The diffraction corrections which were obtained are 
published in an American Standard." 

Free-field calibration can be performed by the 
Bureau in its anechoic chamber on many types of 
microphones over a frequency range of 50 c/s to 15 
kc/s. Microphones submitted by other Government 
agencies or private organizations for use as working 
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st. dards are calibrated at normal or grazing incidence 
by comparison with the Bureau’s reierence standard 
coy. denser microphones. 

he sound source used to excite the test microphone 
aid reference standard is usually a stable loudspeaker. 
The standard microphone is first placed at such a dis- 

e from the sound source that it is operating essen- 

y in the plane-wave region of the speaker’s radiated 

1. Voltage-ratio measurements similar to those 

le in pressure calibrations are taken as a function of 

juency. The standard is then removed, the test 
icrophone placed in the same position, and voltage- 
tio measurements again taken at each frequency. 

[he response of the test microphone is calculated 
mm the voltage ratios and the known free-field re- 
sponse of the standard. As in pressure calibrations, 

other set of measurements is taken, usually with a 
different standard, and the two sets averaged to obtain 
the final results. The standard deviation, calculated 
from many free-field calibrations, is 0.17 db. 

It is not necessary to perform calibrations of type-L 
laboratory microphones in the anechoic chamber if the 
preamplifier shape specified in American Standards is 
used. The free-field response is obtained merely by 
performing a pressure calibration and adding the stand- 
ard diffraction correction to the pressure response at 
each frequency. This procedure is less costly than 
direct free-field calibration. 

The Bureau is presently engaged in performing 
primary reciprocity calibrations on standard micro- 
phones in the anechoic chamber in order to obtain 
diffraction corrections at frequencies as high as 20 ke/s 
for a new preamplifier shape under consideration by 
the American Standards Association. This work is 
being done in conjunction with other acoustical labora- 
tories in the United States. 


Current Research Activities 


Present research on sound measurement at the 
Bureau, and that planned for the near future, includes 
extension of the calibration range to infrasonic and 
ultrasonic frequencies, as well as extension of the ampli- 
tude range. A necessary adjunct to this work is the 
experimental and theoretical study of the properties of 
reference standard microphones and of sound phenom- 
ena, such as acoustic impedance, absorption of sound, 
and mechanical vibration. 

Extension of the frequency range of calibration is 
aided by carrier-frequency techniques, in which a high- 
frequency bias is used in addition to the usual d-c bias 
on acondenser microphone. This arrangement permits 
one to drive a microphone elecirically, and, simultane- 
ously, to obtain an electrical output proportional to the 
motion of the diaphragm.’® 1 

In the near future, microphone calibration facilities 
will be expanded when the Bureau moves to its new site 


Walter Koidan adjusts a baffle for an international round- 
robin loudspeaker test. The sound radiated by the loud- 
speaker-baffle combination is measured by a microphone 
located 1 m in front of the speaker cone. 
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in Gaithersburg, Md. The new facilities, including an 
enlarged double wall anechoic chamber, will permit 
expansion of the NBS research program to meet the 
increased demands of industry, science, and national 
defense. 


* American Standards Association Standard Z24.4-1949, 
Pressure calibration of laboratory standard pressure 
microphones. 

* American Standards Association Standard Z24.8-1949, 
Laboratory standard pressure microphones. 

* Absolute pressure calibration of microphones, by 
R. K. Cook, J. Acoust. Soc. Am. 12, 415-420, January 
(1941); also J. Research NBS 25, 489-505 (1940). 

‘Absolute measurement of sound without a primary 
standard, by W. R. MacLean, J. Acoust. Soc. Am., 12, 
140-146 (July 1940). 

° Acoustic measurements, by L. L. Beranek, John Wiley 
& Sons, Inc. (1949), 

* Method for measurement of E’/I’ in the reciprocity 
calibration of condenser microphones, by W. Koidan, J. 
Acoust. Soc. Am. 32, 611 (May 1960). 

* Pressure calibration of condenser microphones above 
10,000 cps, by B. D. Simmons and F. Biagi, J. Acoust. 
Soc. Am., 26, 693-695 (September 1954). 

® Acoustic impedance of a right circular cylindrical 
enclosure, by F. Biagi and R. K. Cook, J. Acoust. Soc. Am., 
26, 506-509 (July 1954). 

*Echo-free chamber, NBS Tech. News Bull. 40, 180 
(1956). 

Calibration for carrier-operated microphones and 
other reversible transducers, by M. D. Burkhard, E. L. R. 
Corliss, W. Koidan, and F. Biagi, J. Acoust. Soc. Am., 
32, 501-504 (April 1960). 

“ Microphone diaphragm null method for sound pres- 
sure measurement, by W. Koidan, J. Acoust. Soc. Am., 32, 
505-507 (April 1960). 











THE MECHANISMS of several widely accepted free 
radical reactions have been questioned by J. R. Mc- 
Nesby and W. M. Jackson of the molecular kinetics 
laboratory. Through a series of experiments involving 
deuterated, low-carbon alkyl radicals, it has been deter- 
mined that only a single decomposition reaction occurs 
for each radical below 500 °C, and that hydrogen atoms 
do not migrate between the carbon atoms of these small 
free radicals. Such findings are in direct contrast to 
the results of experiments performed along classical 
lines. 

The historical development of free radical kinetics 
has depended upon inferences drawn from experiments 
involving extremely complex systems. Under such 
conditions many different radicals may react with stable 
molecules or with each other. The results of such 
experiments are often difficult to interpret, because of 
the multiplicity of possible reactants and end products. 
The techniques developed at the Bureau, in which 
deuterated radicals are reacted in simple systems, per- 
mit unambiguous interpretation of the results. Similar 
techniques can also be used to determine the purity of 
isotopically labeled compounds. 


NBS research has shown that the decomposition of propyl 
and butyl radicals occurs in but a single manner below 
500 °C. Radicals were formed by heating deuterated 
alkanes in a quartz reaction vessel (left), after which the 
products were analyzed with a mass spectrograph. W. 
M. Jackson determines the pressure of the sample in the 
reaction vessel, which is inside the muffle oven (lower 
right). 
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Alkyl Radical Reactions 


Experimental Procedure 


In the present investigaton, alkyl radicals wer 
formed by heating small portions of pure, deuterate 
gases to temperatures between 350 and 550 °C. Th 
gases were held at the desired temperature—and ; 
pressures between 70 and 100 mm Hg—for about 
min, producing less than one percent conversior 
After reaction, the gases were passed through coole: 
traps which froze out the remaining original gas. Th 
uncondensed products were pumped to a mass spectrom 
eter for analysis; hydrogen (H.,HD,D,) and methan« 
(CH,D,CH,) were the products of major interest. 


n-Propyl Radical 


It is well known that the n-propyl radical 
(CH,CH,CH,) will decompose by splitting off CHs. 
leaving ethene. A second mode of decomposition has 
been reported in which a hydrogen atom is liberated 
from n-propyl, leaving propene. To determine whether 
or not this reaction actually occurs, a mixture of n- and 
iso-propyl radicals was formed by heating deuterated 
propane (CH;,CD.CH;) to about 500 °C. The CH. 
formed by decomposition of n-propyl will abstract a 
hydrogen or deuterium atom from unreacted propane 
to form methane. Conversely, any free hydrogen 
atoms will abstract H or D to form molecular hydrogen. 
Mass spectrographic analysis of the reaction products 
revealed that practically no D, was formed (the ratio 
of D, to methane was less than 0.01), indicating that 
hydrogen formation is a negligible part of n-propyl 
decomposition. The small amount of hydrogen found 
in the products was formed by the breakdown of the 
isopropyl radical. Therefore, the decomposition of 
n-propyl below 500 °C can be said to occur almost 
exclusively through the release of CH;: 


CH,CH.CH.—CH, + CH. =CH.. 


Butyl Radicals 


The isobutyl] radical is known to decompose by form- 
ing methyl radicals and propene: 


CH,CH — CH.—>CH, + CH, —CH.=CH,. 
CH, 


The CH, will, as before, abstract H or D from an unre- 
acted molecule. Reactions in which the single hydro- 
gen on the number two carbon either moves to the end 
(CH.) carbon or splits from the radical have also been 
reported. To verify this conclusion, free radicals were 
formed by heating deuterated [ (CH) sCD] isobutane. 
Once again, the products were analyzed in the mass 
spectrometer. 

If, as thought, there is movement of hydrogen from 
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‘ormed must decompose by losing a hydrogen and 
forming CH.-C-CH.D. As no evidence of the latter 
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was found in the products, the movement of a hydrogen 
itom obviously does not take place. That the isobutyl 
radical does not decompose by hydrogen atom expul- 
sion is indicated by the extremely low ratio of D, rela- 
tive to CH,D and CH, in the products. Thus, below 
500 °C isobutyl decomposes only by the expulsion of 
CH. 


Using similar techniques, the following previously 


accepted reactions have been shown to be nonexistent 
below 500 °C. 


CH.CH.CH.CH,—»CH.CHCH.CH, 
CH.CH.CH.CH,—>CH,CH.CHCH, 


CH.,CHCH.CH,—>CH,CH.CH.CH,. 


The only reactions of importance involving decom- 
position of n- and sec-buty] radicals are: 


CH.CH.CH.CH,—>CH,=CH.+CH.CH, 


CH,CHCH.CH,—->CH,CH=CH.+ CH,. 


Oblique-Incidence Riometer Antenna 


A SPECIAL ANTENNA has been developed by the 
Bureau’s Central Radio Propagation Laboratory, 
Boulder, Colo., to serve as the receiving antenna (50 
Mc/s) for a relative ionospheric opacity meter 
(riometer).1_ The riometer-antenna combination is 
being used in Alaska as part of the Bureau’s investiga- 
tion of auroral transmission loss. As no existing an- 
tenna met the performance and construction require- 
ments specified for this particular use, this antenna, 
based on the design calculations of A. C. Wilson, was 
constructed. 

One of the main design requirements was that the 
main lobe of the antenna be 23 degrees above the 
horizon. A stacked array of three dipoles was se- 
lected, from both technical and economical considera- 
tions, as the antenna arrangement to be used. To 
achieve the 23-degree angle of arrival requirement, 
calculations were made which placed the lowest dipole 
0.64 wavelength above the ground, with the other two 
dipoles displaced vertically at odd multiples of 0.64 
wavelength. 

A number of other criteria had to be considered in 
the final design. The half-power beamwidth in the 
vertical plane could not exceed 10 degrees; the front- 
to-back ratio was to be 13 db or higher; and side lobe 
levels had to be at least 10 db below the maximum 
response in both the E- and H-plane. As the antenna 
was to be used in Alaska, the construction was to be 
simple and rugged. . 

Once the basic 3-level design had been established, 
it remained to incorporate reflectors to provide the de- 
sired directivity in the E-plane. As a maximum-gain 
single-reflector dipole has only a 514-db front-to-back 
ratio, it was necessary to devise a multiple reflector 
of simple construction having the desired character- 
istics, 

In order to determine experimentally the optimum 
reflector arrangement, a series of measurements was 
made using a scaled version of the folded dipole. 
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Results of these determinations, made with both differ- 
ent numbers and arrangements of reflectors, indicated 
that the best configuration consists of two rod-shaped 
aluminum reflectors parallel to the ground and verti- 
cally displaced from one another by 0.4 wavelength, 
with the dipole, parallel to the reflectors, completing 
an open “prism.” The dipole, somewhat shorter than 
the reflectors, is separated from the plane of the re- 
flectors by 0.2 wavelength. 

From the dimensions of the scaled model, two com- 
plete antenna arrays were constructed and adjusted 
to an impedance of 52 ohms/dipole unit. After final 
testing, the antennas were sent to Alaska, where they 
are currently in use. 


1 For further technical details, see Oblique incidence 
receiving antenna array for a_ relative ionospheric 
opacity meter, by A. C. Wilson, NBS Tech. Note 78, 
available from the Office of Technical Services, U.S. Dept. 
of Commerce, Washington 25, D.C. (S0¢) 


Computed normalized response in decibels, in the vertical 
plane, for the three-dipole-unit riometer antenna. 
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Method for Determining the Mechanical 


Properties of Metal Foils 


PRECIPITATION-HARDENING stainless steels are 
widely used, particularly in aircraft, but the metallurgi- 
cal reactions which occur on heat treatment of these 
materials are not completely understood. The Bureau 
has been conducting a study of these reactions and their 
relation to the mechanical properties of the steels.’ For 
certain phases of the investigation it was desirable to 
use the material in the form of foil because of its ability 
to heat up and cool down rapidly. Moreover, a large 
number of specimens can be made from a single sheet 
of the foil, thus eliminating variables due to differences 
in specimen composition. However, the preparation 
of foil specimens for tensile or microhardness tests is 
tedious and time-consuming, and the edge effects that 
are sometimes induced by this preparation give mis- 
leading results. Experiments were conducted, there- 
fore, to determine if another type of test would provide 
the required data on mechanical properties without 
these difficulties. 

The results of the study, conducted by D. B. Ballard 
of the mechanical metallurgy laboratory, showed that 
a hydraulic bulge test of a disk specimen gives satis- 
factory data on ‘changes i in yield strength and ductility 
of the foil. Principal advantages of this technique are 
the ease of specimen preparation, the small amount of 
material required, and the freedom from edge effects. 

The hydraulic tester employed for the study was as- 
sembled from commercially available high- “pressure 
equipment. In conducting a test, specimens, 0.72 in. in 
diameter, punched from the heat-treated foil with a 
carefully constructed punch, were mounted in the ap- 


Right, bulge test equipment used in determining the me- 
chanical properties of high-strength stainless steel foils. 
Below, D. B. Ballard observes increases in bulge height 
of metal foil specimens. To the left in the photo is a 
specially constructed punch for preparing the specimens. 





paratus by means of a hold-down ring and bushing 
having an inside diameter of 0.533 in. Oil pressure 
was then applied to the specimen by means of a man- 
ually operated pressure cell; the resulting bulge in the 
unsupported area of the specimen was measured with 
an optical micrometer arranged to follow the movement 
of a light-weight indicator resting on the center of the 
specimen. 

Tests conducted on a series of specimens after differ- 
ent heat treatments showed that the bulge height at 
failure was an adequate criterion of ductility. To ob- 
tain a suitable measure of yield strength, it was neces- 
sary to determine the permanent bulge height (after 
release of pressure) for a series of increasing pressures. 
The criterion of yield strength was arbitrarily chosen 
as the pressure that would cause a permanent bulge 
height, h, such that h*=D*/2000 (where D is the un- 
supported diameter), and this is referred to as the yield 
pressure. 

From the results it appears that yield pressure and 
maximum bulge height are sensitive measures of the 
effects of different heat treatments. Even the most 
brittle specimens, those that have been nitrided in ad- 
dition to receiving other heat treatments, have sufficient 
ductility to permit accurate determinations of yield 
pressure. Typical fractures obtained in the tests on 
both 17-7 PH and AM 350 stainless-steel foil showed 
that metal failure starts at the center of the specimen 
where the material has not been affected by specimen 
preparation. 








¢ 8 
eo 4 
X on 
s AMP 4 JBDIV N 
BDIVISION | 
{ 
| 5000 
HIGH PRESSUR 
oA | I 
| RESERVOIR 
- a AND PUMP 
{ J 
e ii fy a} 
R IRE 
i 
i / 
E j 
f j 
FR = i 
tt + 


NBS Technical News Bulletin 





The table below shows the effect of four different heat 
eatments on 17-7 PH stainless-steel foil, initially in 
» solution-annealed condition. Each value is the 
erage found for five specimens of each heat treatment. 


?esults of bulge tests on 17-7 PH stainless steel 0.0028-in. 








foil 
Yield Burst Maximum 
Heat treatment pressure pressure bulge 
height 
psi psi in. 
Solution annealed_. 193 2, 613 0. 1556 
1400 °F-134 hr-..... 
1050 °F- % hr. 993 2, 750 -0751 
1400 °F-1% hr. 
1050 °F-1% hr. 865 2, 637 . 1022 
1400 °F-1% hr-...-.. 
1050 °F-6 = hir...... 746 2, 500 . 1084 


*For further technical details, see Use of the bulge 
test for determining mechanical properties of stainless 
steel foil, by David B. Ballard, ASTM Materials Research 
and Standards 1, 471 (1961). 


Typical burst fractures of foil specimens (0.72 in. in 
diameter) obtained with bulge test equipment. Speci- 
mens at top were prepared from 0.0023 in. thick 17-7 
PH stainless steel, and specimens at bottom from 0.0016 
in. thick AM 350 stainless steel. 








The Temperature Dependence of Electron Emission 


In the Field Emission Region 


THE THEORY of the temperature dependence of 
electron emission * of metals in the field emission region 
has been experimentally verified by R. Klein and L. B. 
Leder of the Bureau. At constant field the current in- 
crement increases nearly linearly with the square of 
the absolute temperature of the emitter. These studies 
were made over the temperature range 4.2 to 400 °K 
with a field emission microscope,’ using tungsten as 
the emitter. Similar measurements were also made with 
niobium, which is superconducting below the transi- 
tion temperature of 9.2 °K. 

The emission of electrons from metals may be 
divided into three regions: thermionic, transition, and 
field. The thermionic region is well known and highly 
important for its radio tube application. In this region 
the electrons acquire sufficient thermal energy to sur- 
mount the potential barrier present at the metal surface, 
and may be thought of as boiling out of the metal. 
Field emission, on the other hand, may occur close to 
absolute zero. It requires a high field, of the order of 
10° v/em, and results from the quantum mechanical 
tunneling of the electrons through an approximately 
triangular barrier at the metal surface. The transition 
region is the intermediate case in which both barrier 
tunneling and surmounting take place. The tempera- 
ture range is about 0-400 °K for field emission, 400- 
1200 °K for the transition region, and above 1200 °K 
for thermionic emission. The thermionic and transition 
regions have been studied in some detail, but prior to 
the Bureau investigation the effect of temperature in the 
field emission region had not been experimentally 
checked with the theoretical prediction. 


November 1961 


Temperature Dependence of Field Emission 


The temperature dependence of electron emission in 
the field emission region was determined in the range 
4.2 to 400 °K using a specially designed field emission 
tube operated in liquid helium. The emitting tung- 
sten tip was attached to a tantalum loop. The loop 
served as the thermometer, the resistance being meas- 
ured by a four-terminal network. 


Tube used for investigating the temperature dependence 
of field emission. The tube contains a tungsten (or 
niobium) emitting tip attached to a 4-lead tantalum (or 
niobium) loop. A field is applied to the tip by means 
of an electrode housed in the lower projection on the 
right. The emission of electrons from the tip was found 
to be dependent on temperature over the range studied— 


4.2-400 °K. 
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The resistance-temperature curve was determined by 
calibration at several constant-temperature points. The 
loop was heated resistively by an adjustable current 
source to obtain any required temperature. The experi- 
mental method involved applying a field to the tungsten 
emitter at 4.2 °K sufficient for an emission of 2.6 ¥ 107! 
amp. The current flow through the measuring device 
was nulled, and the temperature of the emitter raised. 
The current increment, as little as 10°'’ amp for low 
temperature increments, was measured as a function of 
the temperature. The theoretical expectation, that the 
current increment should vary approximately linearly 
with the square of the absolute temperature, was con- 
firmed by these measurements. 


Surface Field Determination 


It was shown further in this investigation that the 
field at the emitter surface can be calculated from the 
slope of the plot of the emission current versus tem- 
perature squared. Excellent agreement was found be- 


tween the field so determined and that calculated from 
electron microscope pictures of the emitter. The 
method of determining the average field from the line 
slope has the advantages of in-place determinations. 
and of avoiding the complexities of calculation from 
irregularly shaped tips. 


Judd 
Awarded 
IES 
Gold Medal 








DR. DEANE B. 


Bureau’s 


JUDD, 
Metrology Division, has been n: imed to receive 
the gold medal award for 1961 of the ‘Vluminating 
Engineering Society. The Soc iety, in making the 


Assistant Chief of the 


award, referred to Dr. Judd as “The outstanding au- 
thority in the field of color in the United States and 
probably in the world.” 

The Society’s Gold Medal is awarded “for the pur- 
pose of giving recognition to meritorious achievement 
which has conspicuously furthered the profession, art 
or knowledge of illuminating engineering.” The broad 
areas in which Dr. Judd has made major contributions 
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Superconducting Energy Gap 


In raising the temperature of a niobium emitter fron 
4.2 °K to above 9.2 °K, a current increment shoul 
arise not only from the temperature effect on field emis 
sion, but also from the elimination of the energy ban: 
gap as a result of the superconducting-to-normal transi 
tion. This band gap, predicted the oretically, has bee: 
experimentally demonstrated in other laboratories wit! 
low field tunneling experiments. Calculations by Kleir 
and Leder for the current increment for the niobiun 
emitter due to the superconducting-normal transition 
indicated an easily measurable effect. However, th: 
experiments showed that the current increment at 
tributable to the transition was absent,’ suggesting 
either that the surface of the emitter had not ee 
superconducting even in the absence of the field, 
that under high field conditions superconductivity may 
be quenched at the surface. 


‘For further details, see Temperature dependence of 
electron emission in the field emission region, by Ralph 
Klein and Lewis B. Leder, Phys. Rev. (to be published). 

*The field emission microscope, using a single, sharp 
crystal emitter, was developed by E. W. Mueller. 

‘Field emission from niobium in the normal and super- 
conducting states, by Ralph Klein and Lewis B. Leder, 
Phys. Rev. (to be published). 


are: the “standard” observer for colorimetry and photo- 
metry; light-scattering properties of materials, color 
blindness, indices of whiteness, uniform color scales, 
color names, color differences and color tolerances, and 
chromatic adaption. 

Dr. Judd did pioneering work in the development 
and establishment of the internationally used standard 
method for the measurement of color which incorpo- 
rates the standard observer for photometry and which 
is of fundamental importance to the profession. He is 
currently actively engaged in developing a system for 
the measurement of light and color which will be ap- 
plicable for 10-degree “(large field) viewing to supple- 
ment the current system which is_ particularly 
applicable for 2-degree (small field) viewing. 

A physicist at the Bureau since 1922, Dr. Judd is a 
Fellow of the Optical Society of America, of which he 
was president in 1954, and received the Frederick Ives 
Medal in 1958. Other awards which he has received 
are the Godlove Award of the Inter-Society Color 
Council (1957) ; the Exceptional Service Award of the 
U.S. Department of Commerce (1950); and the Jour- 
nal Award of the Society of Motion Picture Engineers 
(1936). 

Dr. Judd has served as the chairman of the Inter- 
national Committee of Experts on Colorimetry since the 
committee’s inception in 1955 by the International 
Commission on Illumination (CIE). 


NBS Technical News Bulletin 


—_————_»=g¢— = 





he 
al 


' 


Publications of the National Bureau of Standards 


Periodicals 


chnical News Bulletin, Volume 45, No. 10, October 1961. 15 
ents. Annual subscription: $1.50. 75 cents additional for 
oreign mailing. Available on a 1-, 2-, or 3-year subscription 
asis. 
sic Radio Propagation Predictions for January 1962. Three 
months in advance. CRPL-206, issued October 1961. 15 
cents. Annual subscription $1.50, 50 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 
urnal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 
Annual subscription: Domestic, $4; foreign, $4.75. 
Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic $2.25; foreign, 
$2.75. 
Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 
Section D. Radio Propagation. Issued six times a year. An- 
nual subscription: Domestic, $4; foreign, $4.75. 


Nonperiodicals 


International practical temperature scale of 1948, text revision 
of 1960, H. F. Stimson, NBS Mono. 37 (1961), 10 cents. 

Hydraulic research in the United States, H. K. Middleton, NBS 
Misc. Publ. 238 (1961) , $1.25. 

Fractional factorial designs for experiments with factors at two 
and three levels, W. S. Connor and S. Young, NBS Applied 
Math. Series 58 (1961), 40 cents. 


Technical Notes 


The following Technical Notes are available from the Office of 
Technical Services, U.S. Department of Commerce, Washing- 
ton 25, D.C. (order by PB number). 

Quarterly radio noise data, March, April, May 1961, W. Q. 
Crichlow, R. T. Disney, and M. A. Jenkins, NBS Tech. Note 
18-10 (PB151377-10) (1961) $1.50. 

Mean electron density variations of the quiet ionosphere, No. 
5—July 1959, J. W. Wright, L. R. Wescott, and D. J. Brown, 
NBS Tech. Note 40-5 (PB151399-5) (1961) $1.50. 

An experimental study of beta decay using the radiations from 
oriented nuclei, D. D. Hoppes, NBS Tech. Note 93 (PB161594) 
(1961) $1.50. 

Bibliography on meteoric radio wave propagation, W. Nupen, 
NBS Tech. Note 94 (PB161595) (1961) $2.75. 

\ compilation of the physical equilibria and related properties 
of the hydrogen-carbon monoxide system, D. E. Drayer and 
T. M. Flynn, NBS Tech. Note 108 (PB161609) (1961) $2.25. 

\ compilation of the physical equilibria and related properties 
of the hydrogen-helium system, D. E. Drayer and T. M. Flynn, 
NBS Tech. Note 109 (PB161610) (1961) $1.25. 

Load carrying capacity of gas-lubricated bearings with inherent 
orifice compensation using nitrogen and helium gas, H. 
Sixsmith, W. A. Wilson, and B. W. Birmingham, NBS Tech. 
Note 115 (PB161616) (1961) $1.00. 


Publications in Other Journals 


Evaluating the freezing-and-thawing durability of concrete by 
laboratory tests in the U.S.A., H. T. Arni and R. L. Blaine, 
Preliminary Report on Symposium on Durability of Concrete 
of RILEM, Prague, Czechoslovakia, 218-231 (July 1961). 

Spectroscopic standard samples of titanium and high-tempera- 
_ alloys, R. E. Michaelis, J. Appl. Spectroscopy 15, 7 
(1961). 

Analytical laboratory problems, J. Mandel, Trans. Metropolitan 
Conf. Am. Soc. Quality Control, 99-107 (Feb. 1960). 

Some experimental aspects of nuclear orientation, E. Ambler, 
Proc. 10th Inter. Congress of Refrigeration, Copenhagen, 
Denmark, 1959, Progress in Refrigeration in Science and 
ew I, 195-198 (Pergamon Press, London, Engand, 

60). 

Absorption spectrum and magnetic properties of osmium hexa- 
fluoride, J. C. Eisenstein, J. Chem. Phys. 34, 310-318 (1961). 

Rapid method for interpolating refractive index measurements. 
O. N. Stavroudis and L. E. Sutton, J. Opt. Soc. Am. 51, No. 
3, 368-370 (Mar. 1961). 
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Comparison of four different methods of determining drying 
shrinkage of concrete masonry units, J. O. Bryson and D. 
Watstein, J. Am. Concrete Inst. 58, No. 2, 163-184 (Aug. 
1961). 

Effect of departures from local thermodynamic equilibrium on 
inferences on stellar atmospheric temperatures, R. N. Thomas, 
Book, Optical Spectrometric Measurements of High Tempera- 
tures, P. J. Dickerman, ed., 14-26 (University of Chicago 
Press, Chicago, IIl., 1961). 

The retannage of chrome-tanned leather with vegetable tannins, 
J. R. Kanagy, J. Am. Leather Chemists Assoc. LVI, No. 6, 
252-272 (June 1961). 

Improved electron filter lens, J. A. Simpson and L. Marton, 
Rev. Sci. Instr. 32, No. 7, 802-803 (July 1961). 

Static and dynamic calibrations of pressure measuring instru- 
ments at the National Bureau of Standards, E. C. Lloyd and 
D. P. Johnson, Automatic and Remote Control Proc. Ist 
Intern. Congress of IFAC, 274-280 (1960). 

X-ray diffraction study of acellular teleost bone, M. L. Moss and 
A. S. Posner, Nature 188, 1037 (Dec. 1960). 

The NBS absolute gravity experiment, D. R. Tate, Proc. 2d 
Air Force Cambridge Research Center Military Geodesy Sem- 
inar, GRD Research Notes, 40 (Jan. 12-14, 1960). 

Adsorption of polyesters and other polymers on glass and other 
substrates, R. R. Stromberg and G. M. Kline, Modern Plas- 
tics 38, 123 (Apr. 1961), 38, 241 (May 1961); Poliplastic 
9, 15 (Jan.—Feb. 1961). 

Tunnel diode large-signal simulation study, S. B. Geller and 
P. A. Mantek, Proc. IRE 49, No. 4, 803 (Apr. 1961). 

Thermal degradation of organic polymers, S. L. Madorsky, 
Polymer Sci. 17, No. 7 (July 1961). 

Determination of carboxyl in cellulose—comparison of various 
aa W. K. Wilson and J. Mandel, Tappi 44, No. 2, 131 

1961). 

A recalibration of NBS carbon-14 standards by geiger-muller 
and proportional gas counting, W. B. Mann, H. H. Seliger, 
W. F. Marlow, and R. W. Medlock, Rev. Sci. Instr. 31, No. 7, 
690 (1960). 

Computer for weather data acquisition, P. Meissner, J. Cunning- 
ham, and C. Kettering, Proc. Eastern Joint Computer Cord. 
18, No. 2.1, 57-66 (Dec. 1960). 

The solar spectrum from 2635 to 2085 A, H. H. Malitson, J. D. 
Purcell R. Tousey, and C. E. Moore, Astrophys. J. 132, 746 
(1960). 

Winter thermal radiation studies in Yellowstone Park, D. M. 
Gates, Science 134, 32-35 (July 7, 1961). 

Vapor phase y-radiolysis of acetone, L. J. Stief and P. Ausloos, 
J. Phys. Chem. 65, 877 (1961). 

Amine buffers for pH control, R. G. Bates, Ann. N.Y. Acad. 
Sci. 92, 341 (1961). 

Cryogenic adhesive properties of bisphenol-A epoxy resins, M. J. 
Hiza and P. L. Barrick, SPE Trans. 1, 73-79 (Ap. 1961). 
Resonance characteristics of a corrugated cylinder excited by a 
magnetic dipole, J. R. Wait and A. M. Conda, IRE Trans. 

Ant. Prop. AP—9, 330-333 (July 1961). 

Infrared spectra of solid hydrocarbons at very low tempera- 
tures, J. J. Comeford and J. H. Gould, J. Mol. Spectroscopy 
5, 474 (1960). 

Recent work with compensated internal gas counters for the 
standardization of gaseous radionuclides, W. B. Mann, Proc. 
Symp. Metrology of Radioactive, IAEA, Vienna, 307 (1960). 

Vanadium oxytrichloride [Vanadyl(v) chloride], R. B. Johan- 
nesen, Book, Inorganic Syntheses, E. G. Rochow, Editor-in- 
Chief (McGraw-Hill Book Co., New York, N.Y.), IV. Chapt. 
5B, No. 38, 119-120 (1960). 

Concerning the potential refractive index and the molecular 
refractivity, B. R. Bean and J. D. Horn, J. Meteorol. 18, No. 
3, 427-428 (June 1961). 

Standard samples and related materials for spectrochemical 
analysis, R. E. Michaelis, Am. Soc. Testing Materials Spec. 
Tech. Publ. No. 58-D, 116 (1960). 

Aromatic fluorocarbons: Thermal stability and synthesis, L. A. 
Wall, Proc. 6th Joint Army-Navy-Air Force Elastomer Conf., 
Oct. 18-20, 1960, I, 150 (U.S. Army Quartermaster Research 


& Engineering Command, Natick, Mass.). 
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OFFICIAL BUSINESS 


Publications (Continued) 


The ionization constant of hydroxylamine, R. A. Robinson and 
V. E. Bower, J. Phys. Chem. 65, 1279-1280 (1961). 

The calculation of the energy levels of nearly symmetric rotors, 
S. C. Wait, Jr., J. Mol. Spectroscopy 6, 276 (1960). 

Multiple layer insulation for cryogenic applications, R. H. 
Kropschot, Cryogenics 1, 171-177 (Mar. 1961). 

Extinguishment effectiveness of some powdered materials on 
hydrocarbon fires, T. G. Lee and A. F. Robertson, Fire Re- 
search Abstracts and Reviews, Natl. Acad. Sci.-Natl. Research 
Council Publ. 786 (June 1961). 

Forty years of dental research at the National Bureau of 
Standards, W. T. Sweeney, Capital Chemist 10, 228 (Oct. 
1960). 

A stainless steel for standard weights, S. J. Rosenberg and T. P. 
Royston, Materials Research & Standards (ASTM Bull.) 1, 
No. 1, 21 (Jan. 1961). 

Long-term working stress of thermoplastic pipe, F. W. Reinhart, 
SPE J., 751-754 (Aug. 1961). 

NBS atomic frequency standards, R. C. Mockler and R. E. 
Beehler, Proc. 14th Annual Symp. Frequency Control, At- 
lantic City, N.J., May 31-June 3, 1960, p. 298-309 (Signal 
Corps Eng. Laboratories, Fort Monmouth, N.J., 1961). 

Microwave zeeman effect of free hydroxyl radicals: *11,/2 levels, 
H. E. Radford, Phys. Rev. 122, 114 (1961). 

A precision RF power transfer standard, P. A. Hudson, IRE 
Trans. Instrumentation I—9, 280-283 (Sept. 1960). 


The fluorescence and phosphorescence of trifluoroacetone vapor, 


P. Ausloos and E, 
(1961). 

The morphology of sporadic E, E. K. Smith, Jr., Proc. XIIIth 
Gen. Assembly URSI (London, England, 1960), Natl. Acad. 
Sci.-Natl. Research Council Publ., Report No. 880, 218 
(1961). 

How to determine stack load limits, R. S. Wyly, Contractor, 
p. 19-20 (Aug. 15, 1961). 

y-Irradiation of liquid and solid oxygen, D. W. Brown and 
L. A. Wall, Phys. Chem. 65, 915 (1961). 

Testing of ball bearings with five different separator materials 
at 9200 RPM in liquid nitrogen, J. A. Brennan, W. A. Wilson, 
R. Radebaugh, and B. W. Birmingham, Am. Soc. Mech. 
Engrs., No. 61-LUBS-18, 1-8 (Apr. 1961). 

The CRPL electron density profile program: Some features 
and early results, J. W. Wright, Proc. URSI-AGI Symp. 
(Brussels, Belgium, 1959), Book, Some Ionospheric Results 
Obtained During IGY, Ed. W. J. G. Beyon (Elsevier Publ. 
Co., Princton, N.J.), 215 (1960). 

Kinetic isotope effects in the reaction of methyl radicals with 
ethane, -d. and ethane-1, 1, 1-d;, J. R. McNesby, J. Phys. 
Chem. 64, No. 11, 1671 (Nov. 1960). ‘ 

Theory of vibrational relaxation in liquids, R. Zwanzig, J. Chem. 
Phys. 34, 931-1935 (1961). 

Digest of “A general description of D-C digital voltmeters,” 

_C. Stansbury, AIEE Trans. Paper 61-721 (Apr. 1961). 

Nomenclature of carbohydrates, R. S. Tipson, J. Chem. Docu- 
mentation 2, No. 3, 3-7 (1961). 

Determination of wax in paper, W. L. Marrow, Tappi 44, No. 2, 
120 (1961). 

Mortar for cavity walls, C. C. Fishburn, Building Research 
Institute, 1960 Spring Conf. Program on Insulated Cavity 
Walls, Natl. Acad. Sci.-Natl. Research Council Publ. 793, 37 
(1960). F 

Variations of [OI] 5577 A emission in the upper atmosphere, 
F. E. Roach, Ann. Geophys. 17, 172-180 (Apr.June 1961). 
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Continuously operating He® refrigerator for producing temper 
ture down to 4° K, E. Ambler and R. B. Dove, Rev. Sc 
Instr. 32, No. 6, 737-739 (June 1961). 

Location of the plane of best average definition for airplan 
camera lenses, F. E. Washer and W. P. Tayman, Photogran 
metric Eng. 26, No. 3, 475-488 (1960). 

Density fluctuations and heat conduction in a pure liquid, 
R. E. Nettleton, Phys. Fluids 4, No. 1, 74 (Jan. 1961). 

Low temperature properties of cerous magnesium nitrate, R. P 
Hudson, R. S. Kaeser, and H. E. Radford, Proc. VIIth Intern. 
Conf. Low Temperature Physics, University of Toronto, Can- 
ada, p. 45-48 (1960). 

The oxide films formed on copper single crystal surfaces in 
water II. Rate of growth at room temperature, J. Kruger, 
J. Electrochem. Soc. 108, No. 6, 503 (June 1961). 

A review of the hydraulics of circular sewers in accordance 
with the Manning formula, R. S. Wyly, Yearbook of Am. 
Soc. of Sanitary Engineering 38, 154 (1960). 

Line shape of ultraviolet absorption in solid noble gases, 
P. H. E. Meijer, J. Chem. Phys. 34, 2078-2082 (1961). 

Non-reciprocity and time-reversal in microwave circuits, H. A. 
Fowler, Academie royale de Belgique (Classe Des Sciences) 
V—416, No. 11, 963-977 ( Dec. 1960). 

A screening method for large information retrieval systems, 
R. T. Moore, Proc. Western Joint IRE-AIEE-ACM Computer 
Conf., Los Angeles, Calif. 6.3, 259-274 (1961). 

Humidity standards, A. Wexler, Tappi 44, No. 6, 180a (June 
1961). 

Tchebycheff approximations by abt-+-c, J. R. Rice, J. Soc. Ind. 
Apl. Math. 8, No. 4, 691-702 (1960). 

Tonospheric “forward” scattering, D. K. Bailey, Proc. XII[Ith 
Gen. Assembly of URSI (London, England, 1960), Natl. 
Acad. Sci.-Natl. Research Council Publ. Report No. 880, 281 
(1961). 

Apparatus for controlled slack quenching, N. L. Carwile, M. R. 
Meyerson, and S. J. Rosenberg, Materials Research and 
Standards (ASTM Bull.) 1, No. 7, 532-536 (July 1961). 

Exponential temperature dependence of Young’s modulus for 
several oxides, J. B. Watchman, Jr., W. E. Tefft, D. G. Lam, 
Jr., and C. S. Apstein, Phys. Rev. 122, 1754 (June 1961). 

A high-resolution ammonia-maser-spectrum analyzer, J. A. 
Barnes and L. E. Heim, IRE Trans. Instrumentation I-10, 
A-8 (June 1961). 

Electron spin resonance spectra of free-radical intermediates 
formed by reaction of polystyrene with atoms of hydrogen 
and deuterium, R. B. Ingalls and L. A. Wall, J. Chem. Phys. 
35, No. 1, 370-371 (July 1961). 

The X- or gamma-ray energy absorption of transfer coefficient: 
Tabulations and discussion, R. T. Berger, Radiation Research 
15, No. 1, 1-29 (July 1961). 

Twenty-year atmospheric corrosion investigation of zinc-coated 
and uncoated wire and wire products, Reinhart, F. M., Am. 
Soc. Testing Materials Spec. Tech. Pub. 290, 1-141 (June 
1961). 

Time standards, A. G. MeNish, Instr. and Control Systems 33, 
1340-1341 (Aug. 1960). 


Publications for which a price is indicated (except for Tech- 
nical Notes) are available only from the Superintendent of 
Documents, U.S. Government Printing Office, Washington 25, 
D.C. (foreign postage, one-fourth additional). Reprints from 
outside journals and the NBS Journal of Research may often 
be obtained directly from the authors. 
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